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1Estimated Mouse Population at the Pennypack 
Ecological Restoration Trust vs. Reported 
Incidence of Lyme disease in Pennsylvania
By Erika Clark
Arcadia University
Background
The purpose of this research paper is to determine if the mouse population at the PennyPack Trust is correlated 
with occurrence of Lyme disease state wide.
Mark-recapture studies of white footed mice, Peromyscus Leucopus, were held at the PennyPack Ecological 
Restoration Trust in Huntingdon, Pennsylvania in order to estimate the population sizes over six years. The 
common method of ear tagging has been shown not to interfere with the daily activities of mice, or increase their 
chances of mortality. [1]
White-footed mice are primary hosts of the black-legged tick, Ixodes scapularis, which is the vector of Borrelia 
burgdorferi, the bacteria that cause Lyme disease in humans. [2] [3] Adult ticks feed and mate on white-tailed deer, 
then drop to the ground in autumn to lay eggs in the following spring. [4] [5] Larvae hatch in the summer and 
attach to white-footed mice, which infect them with B. burgdorferi during their blood meal. [6] [7] The larvae grow 
to nymphs, which live through the winter on the forest floor. One year after hatching, infected nymphs seek 
vertebrate hosts and transmit B. burgdorferi to them. [2] [4]
HypotHesis
If the mouse population is high, then the incidence of Lyme disease will also be high. Mouse population will be 
correlated with the occurrence of Lyme disease because mice are vectors for black legged ticks, which transmit 
Lyme.
procedure
Fifteen trapping stations were set up on a wooded area of the Pennypack property. Each station was marked with 
flags, and contained two Sherman-type live traps. Traps were set in the evenings during the study. Four cotton 
balls were placed in the traps to keep the mice warm overnight and sunflower seeds were used as bait. The baited 
and loaded traps were placed on the ground in camouflaged areas.
1 Parmenter, C.A, T.L. Yates, R.R. Parmenter, J.N. Mills, J.E. Childs, M.L. Campbell, J.L. Dunnum, and J. Milner. 1998. “Small mammal 
survival and trapability in mark–recapture monitoring programs for Hantavirus.”
2 Barbour, A.G and D. Fish. 1993. “The Biological and Social Phenomenon of Lyme disease.” Science. 260:1610-1616
3  Lane R.S, J. Piesman, and W. Burgdorfer. 1991. “Lyme borreliosis: relation of its causative agent to its vectors and hosts in North 
America and Europe.” Annual Reviews: Entomology: 36, 587.
4 Fish, D. and H. Ginsburg. 1993. “Ecology and Environmental Management of Lyme Disease.” Rutgers University Press, 
New Brunswick, NJ.
5 Wilson M.L, S.R Telford III, J. Piesman, and A. Spielman. 1988. “Reduced Abundance of Immature Ixodes dammini (Acari: Ixodidae) 
Following Elimination of Deer.” Journal of Medical Entomology 25: 224-228.
6 Levine J.R, M. L. Wilson, A. Spielman. 1985. Mice as Reservoirs of the Lyme disease Spirochete. American Journal of Tropical 
Medicine and Hygiene. 34(2):355-360.
7  Ostfeld R.S, M. C. Miller, and K. R. Hazler. 1996 “Causes and consequences of tick (Ixodes scapularis) burdens on white-footed mice 
(Peromyscus leucopus)”, J. Mammal, vol. 77, p. 266-273.
2The following morning, traps with no inhabitants were emptied of their cotton balls and seeds, which were 
discarded, and replaced in a sprung position in order to avoid unintended captures. Non-target animals found in 
the traps were immediately released.
Traps with mice were emptied into a mesh bag by IUCUC-certified students wearing gloves. The bag was then 
zipped so the mouse could not escape. Mice that were not already tagged were weighed inside the bag, and the 
weight of the bag was subtracted later. The mouse was isolated in the bag by the student wearing gloves in order 
to determine the mouse’s sex. A small tag was placed into a set of tagging pliers and the unit was sterilized with 
rubbing alcohol. The mouse’s ear was poked through a hole in the mesh bag and sterilized before being pierced 
by the tag. The mice were then returned to the wild and the bag was weighed before the cotton balls and seeds 
were discarded. The stations, tag number, and weight of the mice were recorded. Recaptured mice were recorded 
according to their tag number and location, and returned to the wild. The population was estimated using the 
Peterson-Lincoln Index for each day of trapping, and these values were averaged together for each year the study 
was conducted.
Following the mark-recapture study, data about Lyme disease occurrence was collected from the CDC, and data 
was synthesized using the SPSS program.
data
 Fig. 1: Estimated mouse population over the past six years
3Fig. 2: Population Estimates by Year  
2007 2008 2009 2010 2011 2012
day 2 - 30 32 53 32 51
day 3 26 44 66 37 39 30
day 4 39 36 77 42 36 70
day 5 42 60 56 54 24 76
average 36 43 58 47 33 57
  
Fig. 3: Reported cases of Lyme disease by state, 2007-2011  
state 2007 2008 2009 2010 2011
Confirmed Probable
pennsylvania 3994 3818 4950 3298 4739 623
  http://www.cdc.gov/lyme/stats/chartstables/reportedcases_statelocality.html
 Fig. 4: Correlations concerning Lyme disease incidence and weather patterns in 
 Pennsylvania from 2006 to 2010 
Correlations
pennsylvania lyme 
disease cases
Fall/Winter 
temp
Fall/Winter 
loWest temp
Fall/Winter 
snoW
Fall/Winter 
rain
spring/summer 
temp
spring/summer 
rain
pennsylvania lyme 
disease cases Pearson Correlation 1 -.398 -.865 -.270 -.856 .741
Sig. (2-tailed) .507 .058 .660 .064 .358 .152
N 5 5 5 5 5 5 5
Fall/Winter temp Pearson Correlation -.398 1 .035 .068 -.549 -.340 .297
Sig. (2-tailed) .507 .948 .898 .259 .510 .567
N 5 6 6 6 6 6 6
Fall/Winter 
loWest temp Pearson Correlation -.865 .035 1 .302 .606 .791 -.612
Sig. (2-tailed) .058 .948 .560 .206 .061 .197
N 5 6 6 6 6 6 6
Fall/Winter snoW Pearson Correlation -.270 .068 .302 1 .172 .643 .491
Sig. (2-tailed) .660 .898 .560 .745 .168 .322
N 5 6 6 6 6 6 6
Fall/Winter rain Pearson Correlation -.856 -.549 .606 .172 1 .594 -.643
Sig. (2-tailed) .064 .259 .203 .745 .214 .168
N 5 6 6 6 6 6 6
spring/summer 
temp Pearson Correlation -.530 -.340 .791 .643 .594 1 -.249
Sig. (2-tailed) .358 .510 .061 .168 .214 .634
N 5 6 6 6 6 6 6
spring/summer 
rain Pearson Correlation .741 .297 -.612 .491 -.643 -.249 1
Sig. (2-tailed) .152 .567 .197 .322 .168 .634
N 5 6 6 6 6 6 6
4 Fig. 5: Incidence of Lyme disease vs. fall and winter rainfall
correlations
pennsylvania lyme 
disease cases
Fall/Winter 
rain
pennsylvania lyme 
disease cases Pearson Correlation 1 -.856
Sig. (2-tailed) 0.64
N 5 5
Fall/Winter rain Pearson Correlation -.856 1
Sig. (2-tailed) 0.64
N 5 6
5 Fig. 6: Number of mice vs. incidence of Lyme disease
correlations
mice
pennsylvania lyme 
disease cases
mice Pearson Correlation 1 .141
Sig. (2-tailed) .821
N 6 5
pennsylvania lyme 
disease cases Pearson Correlation .141 1
Sig. (2-tailed) .821
N 5 5
discussion and conclusions
Fig. 1 shows that the mouse population is not constant- the graph illustrates a fluctuation between 33 and 58 
mice over the past six years. The oscillation pattern may indicate that the population fluctuates around a carrying 
capacity. If this were true, then it could be expected that prevalence of Lyme disease would also fluctuate from 
year to year. Fig. 2 summarizes population data over the past six years, and Fig. 3 shows the CDC’s reported 
cases of Lyme disease in Pennsylvania. Upon comparing figures 2 and 3, it is evident that reported cases of Lyme 
6disease do not fluctuate with mouse population.
Fig. 4 summarizes the relevancy of correlations of Lyme disease with seasonal weather patterns. Fig. 5 shows 
that, curiously, incidence of Lyme disease decreases as rainfall in the autumn and winter increase. This may be 
because adult ticks must stay on the ground in the fall, and as precipitation increases they may get washed away 
or drown, never laying their eggs and therefore lowering the population of ticks to become infected in the spring. 
Moreover, infected nymphs must also survive the winter on the forest floor. If these are killed by rainfall, then 
there will be less cases of Lyme that year because the nymphs do not find human hosts.
The data comparison rejects the hypothesis that Lyme disease incidence would increase as mouse population 
increased. Fig. 6 shows that mouse population at Pennypack and reported cases of Lyme disease in Pennsylvania 
are unrelated. This may be due to limited data- there were only five years of mouse data to compare. The disjuncture 
may also be due to changes in white deer population, which has not been monitored in this study. If the deer 
population was altered over the course of this study, then the population of black legged ticks may have been 
changed accordingly because the ticks require deer in order to reproduce.
Furthermore, mathematical errors may have occurred while estimating mouse populations. The Petersen- 
Lincoln Index assumes that there are no mortalities or births during the study, no immigration or emigration, 
and what is observed in the sample reflects the population. If any of these assumptions are not true, then the 
estimated populations will not reflect the actual population of mice. In order to collect more accurate information 
about the correlation of Lyme disease and mouse population, data from the PennyPack Trust must be collected 
for several more years, and analyzed with a formula for population that assumes less- like the Jolly-Seber Index. 
More information about Lyme disease from the CDC must be collected for each year the study takes place. The 
more specific the Lyme disease data is to the location of the study, the more accurate the correlation will be, so 
county-specific data should be collected and used in the comparison instead of statewide data.
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